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(71) We, OTTER CONTROLS 
LIMITED, a British Company, of Otters 
'Ole, Maifcet Street, Buxton, Derbyshire, do 
hereby declare -the invention for which we pray 
5 that a patent may be granted to us, and the 
method by which it is to be performed, to 
be particularly described in and by the follow- 
ing statement : — 

This invention concerns improvements in or 

10 relating to rhennally-responsive electrical 
switching arrangements. 

Electrical switching arrangements employing 
simple thermo-mechanical elements, such as 
the simple bimetal strip or bourdon tube for 

15 example, for opening and closing mechanical 
switching contacts have been found unsatisfac- 
tory for use on control systems where any de- 
gree of long-term reliability and stability rs 
required, on account of itheir inherent disad- 

20 vantages of contact arcing, which can result 
in welding of the contacts and causes radio 
and television interference, and contact wear 
which leads to long-term drift in the operating 
characteristics of the {arrangement. 

25 To overcome or at least reduce the problems 
encountered with arrangements employing 
simple thenno-mechanical elements as dis- 
cussed above, snap-acting switch actuating ele- 
ments have been developed, such as the birne- 

30 tallic switch actuating elements described and 
claimed in the spedfications of British Patents 
Nos. 600005 and 657434. However, snap-act- 
ing switch actuating dements inherently have 
an operational temperature differential, i.e. 

35 their operating temperatures with rising tem- 
perature and falling temperature are different. 
By virtue of this unavoidable temperature dif- 
ferential, the use of snap-acting switches ac- 
tuating elements involves design difficulties in 

40 achieving a finer degree of temperature control 
than the extent of their temperature differen- 
tial permits. 

In order more readily to achieve better tem- 
perature control than can be achieved with 

45 switching arrangements employing snap-acting 
swkch-actuating elements, various sophisticat- 
ed electronic temperature-responsive systems 



have been developed. These normally employ 
thermocouples, thennfetoxs or resistance coils 
to sense the temperature, an amplifier to am- 
plify the small temperatuTje-resprcserrtative sig- 
nals from the sensor, and a power switching 
stage, the whole system being powered by a 
low-voltage power supply unit. Such systems, 
while capable of giving very precise tempera- 
ture control, are very expensive, as compared 
to conventional bimetal switching arrange- 
ments for example, and for this reason have 
not found much application in domestic situa- 
tions. 

This invention aims to obtain the precise 
temperature control obtained by the electronic 
systems by taking advantage of the high sensi- 
tivity of simple mermo-mechamcal elements 
such as simple bimetal strips, bourdon tubes 
etc (as opposed to snap-acting devices) with- 
out suffering from the disadvantages inherent 
in such simple elements and the high cost of 
sophisticated electronic systems. 

Thus the present invention provides a ther- 
mally-responsive switching arrangement com- 
prising an electronic switch for switching the 
current through a load, a triggering circuit for 
effecting the switching of the electronic switch, 
the triggering circuit including a variable in- 
ductance connected in the circuit in such a 
manner that the triggering of die electronic 
switch depends upon the value of the variable 
inductance, and a thermo-mechanical trans- 
ducer associated with said inductance to vary 
the value thereof in dependence upon the tem- 
perature. . 

As employed herein the term thermo-me- 
chanical transducer is to be construed as denot- 
ing a 'transducer device which produces sensi- 
ble medianical movement as the result of 
changes in temperature. Examples of such de- 
vices are bimetal strips, bourdon tubes, pneu- 
matic pMak etc. 

Also as employed herein the term "electron- 
ic switch 3 ' is intended to distinguish from me- 
chanical switches employing make and break 
contacts and to include all non mechanical 
controllable switches. Thus, for example, the 
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electronic switch may be any of die well known may comprise a ooil (or, in the case of a van- » 
solid store thvristor devices, such as a silicon able transformer, two or more coils) wkh a { 

core togctlier with a short-circuit turn arranged 
in such a manner that relative movement of 
the coil assembly and the short-circuit turn 70 
causes die inductance to vary as die tempera- ■ • 
ture changes. The shcrt-circuir turn may be 
made of any suitable material, and may, for 
example, be attached to the thermp-mechanical 
transducer to be moved thereby. Alternatively, 75 
the thermo-mechanical transducer itself may 
be arranged to form the short-circuit turn; 
thus, in the case of a bimetallic strip for exam- 
ple, a hole may be arranged in the strip and 
die strip positbned relative to the coil assem- 80 
bly such that the magnetic flux links die short- 
circuit turn formed by die material of the strip 
surrounding the hole. Where the bimetal does 
not in itself provide a suitable conducting path 
it may be re-mforeed by a short-circuit turn 85 
of suitable material arranged or attached con- 
centric widi the hole. 

For controlling the power supplied to a load 
frcm an a.c. supply, die trigger circuit in the 
switching arrangement according to the inven- 90 
tion is designed to supply a trigger pulse or 
a number of trigger pulses to the variable in- 
ductance during each operative half-cycle of 
the supply and the current passed through the 
variable inductance is used to trigger the elec- 95 
tronic switch, the amplitude of the current 
being dependent upon the setting of the vari- 
able inductance as determined by the thermo- 
mechanical transducer. 

Thus in one basic embodiment of the inven- 100 
ticn, triggering signals are derived by using 
the waveform of the a.c. supply being switched 
as a suitable triggering source. In this embodi- 
ment, the primary of a variable inductance 
transformer is supplied by the supply voltage, 105 
suitably dropped via resistors. The a.c. signal 
appearing at the secondary is then applied to 
the gate electrode of a controlled rectifier con- 
stituting the electronic switch to control the 
switching thereof: in operation of this embodi- HO 
ment, the supply of current to a lead will 
either be established substantially fully or will 
not be established at all during each half cycle 
of the supply depending on the state of the 
transformer at the start of the half cycle- 115 

The switching on of the load current may 
advantageously be arranged to occur at a 
predetermined. point an each half cycle irre- 
spective cf when the thermo-mechanical trans- 
ducer moves to the switch-on position, i.e. if 120 
tlie transducer mcves to the switch-on position 
at a time in a half- cycle later than the prede- 
termined point, the switch-cn will not occur 
until the predetermined point in the next fol- 
lowing half-cycle. By choosing the pre-deter- 125 
mined point early in the half-cycle, ideally at 
zero cress-over voltage, large switching surges 
can be avoided. Also, irrespective of when the 
transducer moves to the switch-off position, 
the switch-off can be arranged to occur 130 



solid state thyristor devices, such as a silicon 
controDed rectifier (S.C.R.), or a triac or may 
even be a thyratron valve. The electronic 
switch may also comprise a suitably rated 
power transistor, in which case the arrange- 
ment according to the invention could be 
adapted to effect proportional control of die 
supply of power to effect proportional control 
of the supply of power to a load in response 
to temperature changes. However for domestic 
applications, where current flowing through a 
load (e.g. a heater) powered from die alternat- 
ing current mains supply is to be controlled, 
it is preferred to employ a triac since this type 
cf electronic switch is capable of passing cur- 
rent in both directions, i.e. in both half-cycles 
of the a.c. supply waveform. 

The variable inductance may, for example, 
comprise a single coil and core whose 
inductance — and hence impedance — is variable 
by virtue of the core being movable relative 
to the coil, or vice-versa, by means of the ther- 
mo-mechanical transducer, the transducer be- 
ing mechanically connected to both the coil 
and the ore to effect relative movement there- 
between as the temperature change?. In an- 
other form, the cere may be in two parts which 
are movable relative to one another by means 
of the iiiermc-mechanical transducer as the 
t-eniperarure changes so as to alter the reluc- 
ts ^ of the magnetic flux path linking the 
coil and hence aker the inductance of the coil. 

Alternatively the variable inductance may be 
a transformer in which the mutual inductance 
between the primary and secondary windings 
is variable by means of a suitable thermo-me- 
chanical transducer as the temperature 
changes 4 One form of such a variable trans- 
former has a pair of coils positioned adjacent 
one another and a common cere which is 
movable relative to the coils in a manner simi- 
lar to that described above for the single coil. 
Another form of variable inductance trans- 
former is one in which the transformer core 
itself is formed in two parts, the primary and 
secondary windings of the transformer being 
wound either bodi on one core part or one 
on each core part, and the two parts are mov- 
able relative to one another by means of the 
th ermc -mechanical transducer as the tempera- 
ture changes so as to alter the reluctance of 
the magnetic flux path between the primary 
and secondary windings of the transformer and 
hence alter the mutual inductance between the 
windings. Thus, for example, the thermo-me- 
chanical transducer may be a cantllevered 
bimers-lic strip carrying at its free end one 
pnrt cf the transformer core, the other part 
of said core being fixed and the two parts of 
the core being positioned close to one another 
such that movement of the bimetallic strip due 
to change of temperature alters the reluctance 
cf the magnetic flux path between the coils. 
In yet another form the variable inductance 
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naturally at or near the next following zero 
cross-over by normal electronic switching ac- 
tion again avoiding large switching surges. 
Thus, in an embodiment of the general type 

5 in which the load is dinner fully powered or 
not powered at all during each half cycle, a 
capacitor may be connected to be rapidly 
charged from the supply to the breakdown vol- 
tage of a trigger diode for supplying triggering 

10 pulses to the primary of die transformer, and, 
once the trigger diode has broken down, it may 
be arranged Co remain in 'the holding state for 
the rest of the half-cycle such that only one 
trigger pufee per half-cycle as produced. This 

15 allows die switch-on of the load only at the 
pre-determined point in die half-cycle (nor- 
mally arranged at or near die start of the half- 
cycle by judicious choice of trigger diode and 
phase shift components) irrespective of when 

20 the transducer reaches its switch-on position- 
In other embodiments of the mvention 
means are provided whereby die power deliv- 
ered to a load from an a.c. supply is contin- 
uously varied with change of temperature by 

25 phase control of the dectroiric swweh, i.e. by 
varying the rime in each operative half-cycle 
of the a.c supply during which die electronic 
switch is switched on. In these embodiments 
a trigger signal consisting of a series of pulses 

30 of variable amplitude superimposed on a ramp 
having a predetermined fixed gradient is de- 
rived. The amplitude of die pulses is varied 
with change of temperature in a manner simi- 
lar to that described above, so that the time 

35 at which the electronic switch switches on in 
each operative half-cycle is continuously vari- 
able as a function of the temperature. Where 
both positive and negative half-cycles of ihe 
supply are utilized to power the load and trig- 

40 ger pulses are arranged to be positive and 
negative in positive and negative half-cycles 
of the supply respectively, and similarly the 
gradient of the ramp is alternately positive and 
negative in alternate half-cycles. 

45 In order that die invention might be better 
understood five embodiments of the invention 
will now be described, by way of example 
only, with reference to the accompanying 
drawings in which: — 

50 Figure 1. shows one embodiment of a ther- 
mally responsive switching arrangement ac- 
cording to the invention which employs the 
a.c. current supplied to the load to trigger the 
electronic switch. 

55 Figure 2. shows a second embodiment simi- 
lar in function to that of Figure 1 and incor- 
porating synchronous switching at a predeter- 
mined point in the half-cycle irrespective of 
when the thernio-mechanical 'transducer moves 
fiO to the swkch-on position; 

Figure 3 shows a modified form of die em- 
bodimerjr of Figure 2; 

Figure 4 shows a thermally responsive 
switching arrangement according to the inven- 
65 tion which incorporates phase control; and 



Figure 5. shows a modified form of the ther- 
mally responsive switching arrangement of 
Figure 4. 

Figure 1 illustrates one embodiment of a 
switching arrangement according to the 5nven- 70 
tion in which an electronic switch in the farm 
of a triac 1 is caused to switch a current to 
a load 2. 

A variable inductance transformer 3 is pro- 
vided in the trigger circuit of time 1. The 75 
primary of the transformer is arranged, with 
resistor 4, to provide a potential divider across 
the a.c supply in such a manner that an ax. 
voltage of sukable peak amplitude appears 
across the primary. This voltage is coupled to 80 
the seconidary and passes to the gate of the 
triac via a resistor 5, which is included for 
current Hrniting purposes. 

Transformer 3 is so constructed that the 
mutual inductance between the primary and 85 
secondary windings thereof is variable by 
means of a thermo-mechanical transducer, i.e. 
a device which converts changes of tempera- 
ture into mechanical movement. Such devices 
are well known in the ant and include the 90 
bimetallic strip and the Bourdon tube. Change 
of mutual inductance with temperature may 
be achieved, for example, by forming the 
transformer core in two parts and arranging 
the two cone parts to be moveable relative to 95 
one another by the transducer to aker the re- 
luctance of the magnetic flux path between 
primary and secondary of the transformer, and 
thus change the coupling between the coils as 
the temperature changes. By careful choice of 100 
the turns ratio of variable transformer 3 and 
the value of resistor 4, the circuit of Figure 
1 can be arranged so that, ax a predetermined 
temperature, the coupling between the primary 
and secondary of transformer 3 is such that 105 
a signal is provided on the gate electrode of 
triac 1 which is just sufficient to switch triac 
1 on and so pass current to the toad. Depend- 
ing on the application, the coupling may be 
arranged to be increased at lower temperatures 110 
and reduced at higher temperatures or vice 
versa so as to increase or reduce respectively 
the amplitude of the triggering signal applied 
to the gate of the triac By virtue of Ids inher- 
ent bidirectional assymmetry a the triac can 115 
take up any of three switching states depend- 
ing upon the amplitude of the triggering sig- 
nal, viz 

(i) OPT, where the coupling is insufficient 

to trigger the triac in either positive or nega- 120 
tfive half -cycles of the a.c. supply. 

(ii) HALF ON, where the coupling is suffi- 
cient to trigger only on ithat half-cycle of the 
a.c' supply to which the triac is more sensitive; 

and 125 

(iii) ON, where the coupling is sufficient 
to trigger die triac on both half-cycles of the 
ax. supply. 

In dependence upon the phase relationship 
between the primary and secondary of the 130 
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variable transformer, the triac can have two 
alternative triggering modes in which the triac 
gate voltage is either in phase or out of phase 
with the AC supply and tihe mac's sensitivity 
5 is different for die two modes. Thus by rever- 
sal of the phase between the primary and die 
secondary of the transformer, two different 
ranges of switching states may be achieved. 
A capacitor 6 may be connected in parallel 
10 with resistor 4 to advance the phase cf die 
gate current to ensure switching of the triac 
early in each half-cycle in which the gate cur- 
rent is sufficient to trigger die triac 

Figure 2 illustrates an alternative embodi- 
15 ment to that of Figure 1 in which a resistance 
9, a capacitor 8 and a silicon bilateral switch 
7 are used to produce alternate positive and 
negative pulses for triggering the triac 1 in 
respective positive and negative half-cycles of 
20 the a.c. supply through a variable transformer 
3. 

The operation of the arrangement of Figure 
2 is as follows: as the voltage rises at the 
beginning of each half-cj'de cf the a.c supply, 

25 capacitor 8 charges through resistor 9 with a 
time constant much smaller than the duration 
of a half-cycle. When the breakover voltage 
of the silicon bilateral switch 7 is reached, ca- 
pacitor 8 discharges via switch 7, resistor 10 

30 and the primary of the variable inductance 
transformer 3. Thus, during discharge of capa- 
citor 8 a pulse of current whose amplitude is 
dependent upon the state cf the transformer 
is applied via the variable coupling of the 

35 transformer to the gate elecrrode of the triac 
to trigger the triac Resistors 5 and 10 are 
provided for current limiting. After capacitor 
S has discharged the silicon bilateral switch 

7 holds in its low resistance state thus clamp- 
40 ing the voltage at the junction of capacitor 

8 and resistor 9 until the current supplied by 
the a.c. supply to the switch 7 drops to below 
the holding current of the silicon bilateral 
switch whereupon the switch 7 reverts to its 

45 high resistance state in preparation for the next 
hnlf-cych sequence. 

A capacitor 4 may be connected in parallel 
with resistor 9 to advance the phase of the 
voltage applied to the silicon bilateral swirch 
50 7 to ensure switching of the triac 1 at a point 
early in each half-cycle in which gate current 
is sufficient to trigger the triac. Moreover, 
since only one pulse per half-cycle is produced 
by the triggering circuit, die load 2 is switched 
55 on only at this predetermined point irrespec- 
tive of when the var:ab!e inductance trans- 
former 3 reaches its switch-on trate- 

As before, reversal of the phase of the wind- 
ing? cf transformer 3 gives rise to two alterna- 
te live triggering modes. 

Figure 3 illustrates another embodiment 
whose operation is similar to that of Figure 
2. In this case, die trigger circuit is powered 
direct from die mains supply, and capacitor 
65 17, resistor 9 and resistor 18 in conjunction 



with capacitor 8 determine the point in the 
half-cycle at which the silicon bilateral switch 
7 reaches ks breakdown voltage. As for Figure 
2, the variable inductance transformer 3 deter- 
mines whether the triac 1 is switched on or 70 
n:>r when the trigger pulse is generated. Also, 
phase reversal of the windings of transformer 
3 gives rise to two alternative triggering 
modes. 

Figures 4 and 5 illustrate two forms of 75 
switching arrangement according to the inven- 
tion in which a.c. phase control is employed, 
i.e» the instant in each half-cycle of die a.c. 
supply at which the triac 1 turns on is con- 
trolled, as opposed merely to controlling go 
whether the triac is switched on or off in each 
half-cycle as with the previous two embodi- 
ments. In this way, the power supplied to a 
load 2 — for example a fan — may be contin- 
uously controlled in accordance with the tern- 85 
perature of the surroundings. 

The operation of -die circuit of Figure 4 is 
similar to that of Figure 2 in so far as capaci- 
tor 8 is caused to charge up from the supply 
through resistor 9 with a lime constant much 90 
shorter than that of a half-cycle of the a.c. 
supply. However, a bilateral trigger diode 
(diac) 11 is used in place of the silicon bilateral 
switch of Figure 2. When the breakover vol- 
tage of the diac 11 is reached the diac allows 95 
capacitor 8 to discharge a puke of current 
through to the primary of transformer 3. The 
diac current is not high enough to reach a 
holding value, so the diac reverts to its high 
resistance or OFF state and allows capacitor 100 
S to charge up again via resistor 8 until the 
breakover voltage cf the diac is reached once 
more. Thus, for each half-cycle of supply 
waveform a number of pulses of current will 
occur at the primary of transformer 3. The 105 
exact number of pulses in each half-cycle is 
dependent cn the time constant of capacitor 
8 and resistor 9. 

At the secondary of the transformer 3, the 
capacitor 12 is caused to charge up from the 110 
supply vcltage through resistor 13 with a rela- 
tively slow time constant to form a voltage 
ramp at the junction of capacitor 12 and resis- 
tor 13. The aiming voltage of the, ramp is set 
by resistors 13 and 14 which form a potential 115 
divider across the supply. 

Thus the resultant voltage waveform at the 
secondary of transformer 3 is a series of pulses 
superimposed on a ramp, the gradient of the 
ramp and the polarity of the pulses being al- 120 
ternately positive and negative for respectively 
positive and negative half-cycles of the supply 
waveform. The amplitude of die pulses is, as 
before, dependent on the coupling between the 
primary and secondary of transformer 3 and 125 
hence die temperature of the surroundings. 
Hence as the amplitude of the pulses at the 
secondary of transformer 3 is varied with tem- 
perature variations, the time in the cyde at 
which the triac is switched on will be varied 130 
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likewise, so that the triac is phase controlled. 

For some applications lite ramp gradient 
and/or aiming voltage may also be controlled 
in response to manual adjustment or to change 

5 in some external condition (e.g. temperature) 
in which case die value of resistors 13 and 
14 or of capacitor 12 may be arranged to 
change in accordance with the change of re- 
quirement or of external condition. In the case 

10 of die change of ramp being required for 
change in "temperature resistor 13 may, for ex- 
ample, be replaced by a thermistor. 

Figure 5 shows an ahernative means of 
achieving phase control. In this case die time 

15 constant of resistor 9 and capacitor 16 is made 
large compared with that of resistor 9 and cap- 
citar 15. Capacitor 15 dius charges up quickly 
via the resistor 9 until the diac 11 switches 
on momentarily to pass a puke of current to 

20 the primary of transformer 3. As before, a 
number of pulses of current are arranged to 
pass in each ihalf-cycle of die supply waveform. 
Meanwhile, the capacitor 16 is charging up 
slowly via resistor 9 to give a ramp vokage 

25 at the junction of capacitors 15 and 16. Hence 
me voltage at die secondary of transformer 3, 
and hence at the gate of triac 1 is the same 
as that specified above with reference to 
Figure 4. In this case die time constant of 

30 capekor 15 and resistor 9 determines the 
number of pulses per half-cycle. The resistor 
10 may vary the sensitivity or liimit die cur- 
rent. 

Triacs suffer from the disadvantage that 
35 they are themselves temperature sensitive to 
gate voltage and current. In particular a triac 
requires less gate current to cause it to switch 
the higher the temperature. Thus when a triac 
is carrying a power load, it heats slightly due 
40 to resistance losses and consequently reduces 
the gate current required to maintain switch- 
ing. 

In order to reduce the effect of this pheno- 
menon on the arrangement described above a 

45 silicon bilateral switch may be interposed in 
the gate lead to the triac between the variable 
transformer 3 and triac 1. This modification 
may, of course, be carried out for any of the 
above described embodiments. Insertion of the 

50 silicon bilateral switch has 'the effect of limit- 
ing the sensitivity of the arrangement to load 
current since the circuit now switches only on 
the trigger vokage of a non-power device. A 
further improvement is achieved by this means 

55 since the silicon bilateral switch is inherently 
much less affected by ambient temperature 
changes uhan the triac. 

The provision of this extra device would' 
only be necessary in cases where extremely ac- 

60 curate temperature control is required, since, 
using a sensitive thermo-mechanical transducer 
of the type herein described, it is unlikely that 
the temperature sensitivity of the mac would 
be a problem for most applications. 



WHAT WE CLAIM IS:— 65 

1. A thermally responsive switching arrange- 
ment comprising an electronic switch for 
switching tie current through a load, a trigger- 
ing circuit for effecting die switching of the 
electronic switch, (the triggering circuit mciud- 70 
ing a variable inducing* connected in the cir- 
cuit in such a manner that die triggering of 

the deotronic switch depends upon the value 
of the variable inductance, and a thermo-me- 
chanical transducer associated with said indue- 75* 
tance to vary die value thereof in dependence 
upon the temperature. 

2. An arrangement as claimed in claim 1 
wherein the variable inductance comprises a 
coil and a core arranged for relative movement 80 
therebetween by the mermo-mechanical trans- 
ducer. 

3< An arrangement as claimed in claim 2 
wherein the core is arranged in two parts 
which are movable relative to one another by 85 
means of the thermo-mechanical transducer. 

4. An arrangement as claimed in claim 1 • 
wterein the variable inductance comprises a 
transformer in which the mutual inductance 
between, die primary and secondary windings 90 
is variable by the diermo-mechanical trans- 
ducer. 

5. An arrangement as claimed in claim 4 
wherein the transformer has two coils posi- 
tioned adjacent one another and has a common 95 
core which is movable relative to the coals. 

6. An arrangement as claimed in claim 4, 
wherein die transformer has a core formed in 
two parts, the primary and secondary windings 

of the transformer being wound either both 100 
on one core part or one on each core part, 
and the two core parts are movable relative 
to one another by means of die thermo-me- 
chanical transducer. 

v 7. An arrangement as claimed in any of the 105 
preceding claims adapted for controlling the 
supply of power to a load from an alternating 
current (ax.) supply, and wherein the trigger 
circuit is adapted to supply a triggering signal 
to the variable inductance during each opera- no 
rive half-cycle of the a.c supply and the cur- 
rent passed through the variable inductance is 
used to trigger the electronic switch, the ampli- 
tude of said current being dependent upon the 
setting of the variable inductance as deter- 110 
mined by the thermo-mechanical transducer. 

8. An arrangement as claimed in claim 7 
wherein triggering signals are derived from the 
ax. supply waveform, the primary winding of 

a variable inductance transformer constituting 120 
said varable inductance being supplied by the 
ax. supply voltage and the ax. signal appear- 
ing at the secondary winding of the variable 
inductance transformer being applied to die 
gate electrode of a controlled rectifier consti- 125 
turing said electronic switch to control the 
operation thereof. 

9. An arrangement as claimed in daim 7 
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or 8 wherein die switching on of the load cur- 
rent is arranged to occur at a predetermined 
instant in each operative half -cycle of the a.c 
supply such as to avoid large switdiing surges 
5 being produced. 

10. An arrangement as claimed in claim 9 
wherein the trigger circuit includes a capdtor 
connected to be rapidly charged frcm the a.c 
supply to the breakdown voltage of a trigger 
10 diode for supplying triggering signals to the 
variable inductance, and the nigger circuit is 
so arranged that, once the trigger diode has 
broken down at said predetermined instant, it 
remains in its conductive state for the re- 
15 niamder of the half-cycle so that only one trig- 
ger pulse is produced in each operative half- 
cycle. 

11. An arrangement as claimed in claim 7 
wherein means are provided whereby the 

20 power delivered to the load is continuously 
variable with change in temperature by phase 
control of the electronic switch (Le. by varying 
the time in each operative half-cycle of die 
a.c supply during which the electronic switch 

25 is switched on). 

12. An arrangement as claimed in claim 11 
wherein said triggering circuit is adapted to 
derive a triggering signal consisting of a 
series of pulses of variable amplitude superim- 

30 pcsed on a ramp waveform, and the amplitude 



of said pulses is arranged to be variable with 
temperature change by virtue of the pulses be- 
ing passed to said variable inductance, where- 
by die time at which the electronic switch 
switches on in each operative half -cycle of die 35 
ac. supply is dependent upon die temperature. 

13. An arrangement as claimed in any of 
the preceding claims wherein the electronic 
switch is a triac, 

14. An arrangement as claimed in claim 13 40 
including a silicon bilateral switch connected 
in the gate lead of the triac for compensating 
for the temperature-sensitivity of the triac in 
regard to gate voltage and current. 

15. A thermally responsive switching ar- 45 
rangement substantially as herein described 
with reference to Figure 1 or 2 or 3 of the 
accompanying drawings. 

16. A thermally responsive switching ar- 
rangement substantially as herein described 50 
with reference to Figure 4 or 5 of the accom- 
panying drawings. 

For the Applicants, 
FRANK B. DEHN & CO., 
Chartered Patent Agents, 
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